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1. CNN and Activation Maps
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Convolutional Neural Networks (CNN)

• Components of a Convolutional Neural Networks

• Convolutional layers

• Fully-Connected layers

LeCun et al. (1998), GradientBased Learning Applied to Document

• Activation function

• Pooling layers
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Activation Maps

University of Michigan, EECS 498/598: Deep Learning for Computer Vision

Activation(Feature map)
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Activation Maps

University of Michigan, EECS 498/598: Deep Learning for Computer Vision
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Previous gradient based methods

Springenber et al. (2014), STRIVING FOR SIMPLICITY:THE ALL CONVOLUTIONAL NET
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• Backpropagation

• Deconvnet

• Guided 

Backpropagation

Springenber et al. (2014), STRIVING FOR SIMPLICITY:THE ALL CONVOLUTIONAL NET

Previous gradient based methods



KAIST XAI Tutorial Series 9

• No Class-discriminative

• Not fully utilizing the CNN’s localization ability 

• Only analyzing the convolutional layers, ignoring FC layers

Springenber et al. (2014), STRIVING FOR SIMPLICITY:THE ALL CONVOLUTIONAL NET

Limitation of previous methods



2. Class Activation Maps
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Class Activation Maps (CAM)

B Zhou et al. (2015), Learning Deep Features for Discriminative Localization

• CAM allows classification-trained CNN to both classify the image and 

• Localize class specific image regions in a single forward pass

Paper: Learning Deep Features for Discriminative Localization

CAM 
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Class Activation Maps (CAM)
• How to express localizable deep representation?  

• Utilizing GAP layer 

https://you359.github.io/cnn visualization/CAM/
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Class Activation Maps (CAM)
• Replacing (FC layers) to (GAP layers + FC layers)

• Decreasing the number of parameters

• GAP layers keep the spatial information, then better for localization 

https://you359.github.io/cnn visualization/CAM/
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Class Activation Maps (CAM)

: the importance of        for class c

https://you359.github.io/cnn visualization/CAM/

: GAP output of Kth feature map, 
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Class Activation Mapping

End to End
B Zhou et al. (2015), Learning Deep Features for Discriminative Localization
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CAM Results

B Zhou et al. (2015), Learning Deep Features for Discriminative Localization

• Class-discriminative Localization • Compare with backprop methods – maps /localization 



3. Grad-CAM
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• Architectural limitation of CAM

• Conv feature maps > GAP > Softmax layer

• Performance loss caused by using GAP

• Inapplicable to any other tasks (Image captioning or VQA)

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization

Limitation of CAM / Grad-CAM

• Grad-CAM solve the limitation

• Not require any modification in the network architecture (Not need GAP)

• Applicable CNNs with FCs / CNN used for structured outputs / CNN used in 

task with multi-modal inputs
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CAM <> Grad-CAM

https://you359.github.io/cnn visualization/CAM/

CAM

Grad-CAM
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Grad-CAM

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization

• : the importance of feature map k for a target class c

• ReLU: only a positive influence on the class of interest

• First, calculate the gradient of the score for class c with 

respect to feature map activations  

• Then, global-average-pooled

• The weight for feature map is calculated by gradients,  

not by learning
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Grad-CAM generalizes CAM

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization

• 1/Z : a proportionality constant

• is identical to 

used by Grad-CAM

Grad-CAM

CAM

CAM
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Grad-CAM / Guided Grad-CAM

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization
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Grad-CAM Results

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization
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Grad-CAM Results

RR Selvaraju et al. (2016), Grad-CAM: Visual Explanations from Deep Networks via Gradient-based Localization



4. Grad-CAM++
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• Limitation of Grad-CAM
• Multiple occurrences
: Grad-CAM fails to properly localize objects in an 

image if the image contains multiple occurrences of 

the same class.

• Not capturing the entire object
: An unweighted average of partial derivatives is 

that often, the localization doesn’t correspond to 

the entire object, but bits and parts of it.

A Chattopadhyay et al. (2017), Grad-CAM++: Improved Visual Explanations for Deep Convolutional Networks

Limitation of Grad-CAM
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• How to solve the problem?
• Taking a weighted average of the pixel-wise 

gradient.

• If there were multiple occurrences of an object 

with slightly different orientations or views (or 

part of an object that excite different feature 

maps), different feature maps may be 

activated with differing spatial footprints, and 

the feature maps with lesser footprints fade 

away in the final saliency map.

A Chattopadhyay et al. (2017), Grad-CAM++: Improved Visual Explanations for Deep Convolutional Networks

Grad-CAM++
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A Chattopadhyay et al. (2017), Grad-CAM++: Improved Visual Explanations for Deep Convolutional Networks

Grad-CAM++ 

Grad-CAM

Grad-CAM++

Assumption

Final Saliency Map

: weighting co-efficient for the pixel-wise 

gradients for class c and feature map A^k
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Grad-CAM++ Results

A Chattopadhyay et al. (2017), Grad-CAM++: Improved Visual Explanations for Deep Convolutional Networks



5. Code Tutorials
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Grad-CAM Code
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Code references

1. Github : CAM based methods https://github.com/jacobgil/pytorch-grad-cam

2. Github : Grad-CAM 
https://github.com/PeterKim1/paper_code_review/tree/master/8.%20Learning%20Dee
p%20Features%20for%20Discriminative%20Localization(CAM)

https://github.com/jacobgil/pytorch-grad-cam
https://github.com/PeterKim1/paper_code_review/tree/master/8.%20Learning%20Deep%20Features%20for%20Discriminative%20Localization(CAM)
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